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1). ABSTR.ACI (Ma1:zmLrm200worc~)

The thermal wave/mairage effect technique is npplied to the determination of
thermal properties of polycrystalline diamond slabs and single crystal diamonds

of different isotopic compositions. This method is weli-ziuited for these kind

of materials.
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I'herinal IDiffusivitv Measurement of' Diamond Materials

Decparutment of Ph \sic s and l ns: utc lor \IanL w 1,11tUrimn k<csica rcllt
Wluc State t Decsrv )troit. \11 45202. t' S.

Abstract. Ie ý, hennai N.sise.nurace c!:ect technique is .ippiicd to [ine detent inithili ut I:;r
ri\ r\'cr I~ijiinel utitihunorw !ah io ,ninee crsst~il djiatmonds ot uitterent i~,otilmc

OMt"til"lls - ;i iiixi is %Neii I11ICl !,r hicSI kinds of i taterlai

1. Introduction

1hl'aInond s a litenii'l hstin usnit hsci properties. [Pic rare ness 01 lare nt,.iurai
~.nle ns ~a~ ird he iieb ,oninlrci~i s due has presenrterl iante scaie applications ot mnanN ot

ianln sulrct jies Fie oni escept~on i, the use ais abraisiec material of,. ss rhetic ditutmmnd
:-tdcr maide h\ hic,,h pressure and hi~i ih teperature processes s t~h a \011.17m1 e'ceedifle

e rlhundred ion. per seair 1here are INNo recent developtments that are ehangine, the
<i:uatmnI th1e first Is the rapid pro,_ress in the technlique 01 miaking diamond bs loss
:r.nipcrui~ure. h ins pressure proxcsses is, Au tilessed by the Inicreasing numbher of scicentitic
,rlitereimees an1d puINICitions dedkilcaed to this topic. These processes, promise not onis- high

crs nrie uiid large airea proidUctionl (I polscrsstall ite diatnlonds. hut also an end prixiuct
Ahinich has phs sical properties ipproa~ching those ot pure diamiond crxstals. [hle secotiut, thle

jcn IscosNerN 11 that isotopicai!N enrichied diamond cryNstals are found to) ha~e ait
' Iraindairijshk thermalI conduictu Its(%. SInel I r!ta dIiod ss C%1.1(.110LItfX t h(.W C -are touiid

ha% c a thermal cn ui\i t aoutI Si I hieher tharl the best ntatural dlaittiuiid cry stals s" h ich
"ruintaus IN I S~ I rice diatniond is ureads the best itiernial cotioUCtor at roointel ittperature
'IN (inle, better than clipper. a co~lnimotliy used] heat suink mnaterial) filths tact has otnsuouus

ncutufic ,und iniduistrial itmplicatiomns.
lIn order to help optimize thle production process. it is iniportant the thermal properties ot

mn tita tertial be deeremit red ace urate lv. LIfiicKlV atid pre fera hI non-destrutictt se Fis le
: ,crttiai ssasetiiraiecltette tiethod dceseoped by, the authors itt recent vearsl 2.31 has pros ed to
:iect this cliillengc. We report the results oif employing this method to measure the thermal
'ILIt lusts of u thinl slab polvcrs'stalltne dianmonds at room teniperature and single crystal

,natunionds (it s artiols isotopic contents os er the temperature range 80-3IXIK.
We alsi introduce a moixffied Angstrom's method in w&hich the in -solid tmirage effect is used

!otmeasure directly file tetmperature gradient in the tintertor of a diamond crystal. This miethod
it ters be~tter accuracy in hiss tetirperature range wftere the the diffusivity of diamond becomes

2. The Experimental Methods

Ilie thermal Nkavc/ntmraLee effect methmod for the measurement of thermal diffusivities of layered
miaterials has been reported in thetail.1 2.31 Briefly. it uses a modulated laser beam focused on
hec surface of the samnple as, an alternating heat source to launch a thermal wave tn the solid and
hle surrounditng air. A second laser beam is bo~unced from ihe surface to detect the temperature
-radicttt in the hicated regitin. Because this method is non-contact, and it can Pleasure distance
antd tinme with great precision. it is very suitable for the determination of thermal diffusivittes of
thin films or thin slab materials.

lI-r single crystal diamond samples. a thin layer of metal film has to be deposited on the
"Prfl.mI.u :i-! ý;s hinw itmksorber. The film Is necessary for any method which requires optteal

sivingci Scic% in itnmitsat i i-Cto . Voii 69 itinolCoUstic and i'1110htihCrmI2 Phcnomnwra 111 251
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MODUATIN EAM QUAD-CELL Ti.I Schematic diagram (if the in -solid -flhtrai-,e
H E T N E MD E T E C T O R tec h niq u e it th e on i d i tie d A\ n g str o m m in eh o d .

PROBBEAMI'I PROBE BEAM
PRBEEA SCAN DIRECTION

ltiCor infrared detection .\Itr sen k ic tittilerat Lire. the fitftriis it% or tfarnondi eis Ci2
,0rise atiout three orders or niiaeitiildc ov r Its roomt ttiflleraltire %alule. I is- rorke~s irie

presenc ofi1 a nletal f ilint riot so nec I ethic - I or this reason Awe ha% c re~surec ted a mnethodi u ,,d
:vAneo,,rom more than a hitinctred yecars agmi 4J. .\n isiroin used hot anrd cold wAaler to lauttch a

hlernial A ase front one end Lit 2.cp .. cid used therinioxouples; attached 10 vanes lorcations
alonij tie satttple to measure the phase attd atmplitude of' the lthermal wave as a tunction ot
distance 01 propainTation to determine the thermal diffusis il of' the sample. In our mioificid
miethodi. the in soltd minrace mehd susdtorplctethrocouples as the temperature

p robe - The sc:hematic of the expertimental arran cene rtt ts showAn ttr 1.I The sartople is
10011nwtd intside a liquid heliurn dew ar %kith three optical %% t tdo s. The Ile-Ne laser for prob. e
bcami aiid the truirage detector are amoou nted III a sine le Uiit iical led tile M oni blik developed Ir,
Charboii iiicr e t all 5 . Thie use of the Mi uiohlock' reat i reduces thle dliftICLIiliV of scannuire the
p robe he attr relI tlise iti the samtple aiid reduces low frcqie tiJch% notises from niec ha:nica i
s ibramtions

3. Results

eC hive! a~ppied ouir oirate- in air techniqilue to, a s ariety iii polvcrx stallitie diattiorid siahs
pr'oduiicell h% a A ide \arciet i 5lr cheint cal a pirrdeposittort p rocesses. Thle resulting, ithertial
Lli t l11 Ri vies aried \Nuide "vwitt priocess pararneters. The inirema i conisi senfcy ot this riethoid
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Fig. 2 Results of the mirage in solid and mirage in-air techniques in the measurement of
therrialconductivitv of single crystal diamonds of different isotopic composition.
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has provided manUtactirers invaluable informnation to iitpriise their process conitrol. The
comparisflon %% ith other mnethods for the deternmiation of thermal properties is currentlsy under

ii ave applied our miurage -itt-air tech niqute to single cr st a I diatmonds of different isotopic:
compo~sitions in the temperature range ot SO-.A(X)K [lýie results are suimmarized in lie 2

4. Conclusions

We has e demnon~strated that the t hennal ss aveitirage teCh KIiqic Is sti table for the determintat ion
oft thermial properties of diamond materials auid it is prov din a, a %Aahliale cervIC tie to tlp
"Tpinimie the production vrocesseCs.
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